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^ • Abstract. We present deep VLT/NACO infrared imaging and spectroscopic observations of the brown dwarf 

' 2MASSWJ 1207334-393254, obtained during our on-going adaptive optics survey of southern young, nearby associations. This 

£N) , ~ 25 Mj up brown dwarf, located ~ 70 pc from Earth, has been recently identified as a member of the TW Hydrae Association 

(age ~ 8 Myr). Using adaptive optics infrared wavefront sensing to acquire sharp images of its circumstellar environment, we 
0^ ' discovered a very faint and very red object at a close separation of ~ 780 mas (~ 55 AU). Photometry in the H, K s and L' bands 

and upper limit in J-band are compatible with a spectral type L5-L9.5. Near-infrared spectroscopy is consistent with this spec- 
tral type estimate. Different evolutionary models predict an object within the planetary regime with a mass of M = 5 ± 2 Mj up 
and an effective temperature of T e ff = 1250 + 200 K. 
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c/3 1. Introduction the young TW Hydrae Association (TWA). We present here 

the observations and the reduction techniques used, as well as 

In recent years, the field of extrasolar planet detection and the Mraied photometric, astrometric and spectroscopic results 

K> 1 characterization has been exclusively reserved to the domain for 2M 1207 and its giant planet candidate companion (GPCC). 

of indirect detection measurements, radial velocity surveys ^ like lihood of companionship, the age and the distance of 

g . (Fisher et al. 2003, Mayor et al. 2004) or transit detections the system and me mass predicted from seve ral evolutionary 

(Charbonneau et al. 2000, Konacki et al. 2004). However, this moc j e i s are finally discussed 
exploration is presently intrinsically limited to the close cir- 
cumstellar environment within ~ 4 AU. With the recent de- 
velopment of high contrast and high angular resolution instru- 
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2. Observations, reduction and results 



mentation, the situation is about to change and the exploration On 27 April 2004, we imaged the young brown dwarf 2M1207 
of planets with large semi-major axes is now achievable. with the NACO adaptive optics instrument of the VLT-UT4 
In this letter, we report the discovery of a probable gi- (Rousset et al. 2002, Lenzen et al. 1998). Here, we used the 
ant planet companion from direct imaging techniques. In the unique capability offered by NACO to sense the wavefront 
course of our on-going deep imaging survey of young, nearby in the near-infrared with the N90C10 dichroic (90% of the 
southern associations (Chauvin et al. 2003), we used the flux transmitted to the wavefront sensor and 10% to the near- 
ESO VLT telescope and its adaptive optics near-infrared in- infrared camera CONICA). This mode is dedicated to the sharp 
strument NACO to image the close vicinity of the source imaging of red sources V - K > 6 (M5 or later spectral type). 
2MASSWJ 1207334-393254 (here after 2M1207). This brown The source 2M1207 was then imaged in J, H, K s and L' 
dwarf 2M1207 was identified by Gizis (2002) as a member of bands. The corresponding Strehl ratios, the full widths at half 
maximum intensity and other observing parameters in each 



Send offprint requests to: Gael Chauvin e-mail: gchauvin@eso.org band are given in Table 1. The AO IR sensing allowed us to 
* Based on observations obtained at the Paranal Observatory, Chile, close the adaptive optics loop on 2M1207 and to detect in its 
in ESO programs 73.C-0469 and 273.C-5029 close vicinity a faint and red object at 778 mas and a position 
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Fig. 1. Composite image of brown dwarf 2M1207 and its 
GPCC in H (blue), K s (green) and L' (red). The companion 
appears clearly distinguishable in comparison to the color of 
the brown dwarf 2M1207. 

angle of 125.8° in H, K and L'. The faint object was not de- 
tected down to 3<x of 18.5 in J-band. In Fig.^andEl we dis- 
play an H, K s and L' composite image and the detection limits 
obtained in each band during our observations. After cosmetic 
reductions using eclipse (Devillar 1997), we used the myopic 
deconvolution algorithm MISTRAL (Conan et al. 2000) to ob- 
tain H, K and L' photometry and astrometry of the GPCC. The 
results are reported in Table 2. The transformations between the 
filters Kj and K were found to be smaller than the measuring 
errors. 

On 19 June 2004, 2M1207 and its GPCC were simultane- 
ously observed using the NACO spectroscopic mode. The low 
resolution (Rj = 700) grism was used with the 86 mas slit, the 
S54 camera (54 mas/pixel) and the SH filter (1.37-1.84 yum). 
The spectra of 2M1207 and its GPCC were extracted and cali- 
brated in wavelength with IRAF/DOSLIT. To calibrate the rel- 
ative throughput of the atmosphere and the instrument, we di- 
vided the extracted spectra by the spectra of a standard star 

Table 1. Night Log of the observations. S27 and L27 corre- 
spond respectively to a platescale of 27.03 and 27. 12 mas. DIT 
and NDIT correspond respectively to an individual integration 
time and the number of integrations. Sr and FWHM correspond 
to the strehl ratio and the full width at half maximum intensity. 
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Fig. 2. Detection limits at 3<x achieved during our observations 
in J-band (dotted black line), H-band (dashed blue line), K s - 
band (dashed- dotted green line) and L'-band (solid red line). 
The contrasts between 2M1207 and its GPCC are reported for 
H (filled triangle), K s (filled box) and L' (filled circle) (the 
GPCC was not detected in J band). 



(HIP 062522, B9III) and then multiplied by a blackbody to re- 
store the shape of the continuum. 

3. Discussion 

3.1. Membership in the TW Hydrae Association 

Gizis (2002) undertook a 2MASS-based search for isolated low 
mass brown dwarfs in the area covered by stellar members 
of TWA and found two late M-type objects which he identi- 
fied as brown dwarfs. The one of interest in the present paper, 
2M1207, showed impressively strong Ha emission in addition 
to signs of low surface gravity, which both are characteristic 
of very young objects. Gizis (2002) noted also that the proper 
motion of 2M1207 is consistent with membership in the TWA. 

Subsequently, Mohanty et al (2003) obtained echelle spec- 
tra of 2M1207. The radial velocity is also consistent with TWA 
membership. They detected a narrow Nal (8200 A) absorption 
line indicating low surface gravity. Finally, the spectrum dis- 
plays various He I and H I emission lines (Mohanty et al 2003; 
Gizis 2002) and the Ha line is asymmetric and broad. Taken 
together, these characteristics led Mohanty et al (2003) to sug- 
gest the occurrence of ongoing accretion onto (a young) brown 
dwarf. Although L'-band observations of Jayawardhana et al. 
(2003) did not reveal significant IR excess at 3.8 yum, recent 
mid-IR observations of Sterzik et al. (2004, accepted) found 
excess emission at 8.7 /um and 10.4 fim and confirm disk ac- 
cretion as the likely cause of the strong activity. New Chandra 
observations of Gizis & Bharat (2004) corroborates this disk- 
accretion scenario as they suggest that less than 20% of the He 
emission can be due to chromospheric activity. All in all, mul- 
tiple lines of evidence point toward membership of 2M1207 in 
the TWA. 
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Table 2. Photometric and astrometric measurements of 2M1207 and its GPCC obtained with the myopic deconvolution algorithm 
MISTRAL (Conan et al. 2000). The transformations between the two filters K, and K were found smaller than the measuring 
errors. 



Source 


SpT 


Age 


J 


H 


K 




L' 




A 


PA 






(Myr) 


(mag) 


(mag) 


(mag) 




(mag) 




(mas) 


n 


2MASSWJ1207334-393254 


M8 




13.00 + 0.03" 


12.39 + 0.03" 


11.95 ± 


0.03 " 


11.38 + 


0.10" 






giant planet candidate 


L5-L9.5 




> 18.5" 


18.09 + 0.21" 


16.93 ± 


0.11" 


15.28 ± 


0.14* 


778 


125.8 



a from the 2MASS All-Sky Catalog of Point Sources (Cutri et al. 2003) and NACO contrast measurements (this paper) 
b from L' Keck I photometry (Jayawardhana et al. 2003) and NACO contrast measurements (this paper) 



3.2. Age and distance of the system 



The age of the TWA can be established by comparison with 
the somewhat older /3 Pictoris moving group's space motions 
(UVW; Zuckerman et al 2001) and HR diagrams. Ortega et 
al (2002) and Song et al (2003) have traced members back 
to a common volume 12 Myr ago which they identify as the 
age of the [5 Pictoris moving group. On a color-magnitude dia- 
gram (Song et al 2003; Zuckerman & Song 2004), the TWA 
stars lie slightly above the /3 Pictoris stars as well as near 
10 Myr isochrones derived by four different research groups. 
Consequently, an age of Myr is estimated for TWA. 

The spectral type of 2M1207 is estimated to be ~M8 based 
on its broadband colors and spectra. An absolute K-magnitude 
of an M8 star is ~ 10.2 (see Fig. 4 of Vrba et al. 2004 for exam- 
ple). However, young brown dwarfs are significantly brighter 
than their older counterparts. A K-band brightness difference 
between young (~ 10 Myr) and old late M-type stars can be 
estimated and 2.5 mag is obtained by extrapolating trends of 
young and old mid-M stars in a V - K vs. Mk diagram of Song 
et al. (2003) and Zuckerman & Song (2004). Then, a K-band 
distance modulus of ~ 4.3 mag implies a distance ~ 70 pc to 
2M1207. Sterzik et al (2004) also appear to favor this distance. 

3.3. Spectral characterization 

By comparison of the GPCC photometry with the infrared col- 
ors of field late-M, L and T dwarfs obtained by Leggett et al. 
(2001, 2002), Stephens et al. (2001), Golimowski et al. (2004) 
and Knapp et al. (2004), we obtain a spectral type L5-L9.5 (see 
the color-color diagram of Fig. 3). 

Based on our NACO spectra recorded on 19 June 2004 (see 
Fig. 4), spectral types of 2M1207 and its GPCC can be derived 
by comparison with the observations of late-M, L and T dwarfs, 
published by Geballe et al. (2002) and Leggett et al. (2000, 
2001). In the case of 2M1207, we find a spectral type M8.5 + 1 
consistent with the estimation of Gizis (2002). For the GPCC, 
broad water-band absorptions are clearly distinguishable in the 
spectrum despite a low signal to noise (from 3 to 7cr). This 
allows us to derive a spectral type L5-L9.5, which confirms the 
estimation from IR colors. 

3.4. Likelihood of a bound companion 

Although a spectral type L5-L9.5 confirms a substellar status 
for the GPCC, it does not allow us to confirm its compan- 
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Fig. 3. Color-color diagram (H - K vs K - L') for 2M1207 
(open circle) and its faint GPCC (point shown with error 
bars). The observed infrared photometry for late-M dwarfs (di- 
amonds), L1-L4 dwarfs (crosses), L5-L9.5 dwarfs (asterisks) 
and T dwarfs (triangles) obtained by Leggett et al. (2002) and 
Stephens et al. (2001) are given for direct comparison. 



ionship. Contamination by a foreground or background field 
L dwarf is still possible. The GPCC IR colors are consistent 
with that observed by Leggett et al. (2002) for late L field 
dwarfs, age of 1-5 Gyr; for example, an L8 field dwarf located 
at ~ 60 pc or L5 field dwarf at ~ 130 pc. 

Based on a number density of L dwarfs of 1 .9 x 10~ 3 pc~ 3 
given by Burgasser (2001) and Cruz et al. (2003), the proba- 
bility of finding a foreground or background L dwarf (located 
between 50 and 150 pc) in a region of 780 mas radius around 
2M1207 is equal to 9 x 10~ 8 . Consequently, contamination by 
an L field dwarf is very improbable. 

3.5. Temperature and mass predictions 

In the case of a bound companion, evolutionary models can be 
compared to the photometry of the GPCC to derive the mass 
and the effective temperature expected. However, although the 
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Fig. 4. SH-band spectra of 2M1207 and its GPCC with the low 
resolution (R /t = 700) grism of NACO, the 86 mas slit and the 
S54 camera (54 mas/pixel). The best adjustements were ob- 
tained with the template spectra of T513 (M8.5) for 2M1207, 
and SDSS0539 (L5) and 2M0310 (L9.5) for its GPCC. 

models are reliable for objects with age > 100 Myr, they are 
more uncertain at early phases of evolution (< 100 Myr). As 
described by Baraffe et al. (2002), the choice of the initial con- 
ditions for the model adds an important source of uncertainty 
which is probably larger than the uncertainties associated with 
the age and distance of 2M1207. 

If we consider the non gray model of Burrows et al. (1997), 
for a distance of 70 pc and age of ~ 5-10 Myr, we derive a mass 
of 3-10 M Jup and an effective temperature of 1000-1600 K. 
We then consider the new generation of models developed by 
Chabrier et al. (2000) and Baraffe et al. (2002). The DUSTY 
and COND models can be seen as two extreme cases, to de- 
scribe respectively brown dwarfs with an atmosphere saturated 
in dust, like late M and L dwarfs, and cool brown dwarfs or gi- 
ant planets with the dust condensed in their atmosphere, like T 
dwarfs. Based on the different color-magnitude diagrams using 
H, K and L' bands or using the measured bolometric correc- 
tions BCk ~ 3.2 for late-L dwarfs estimated by Golimowski 
et al. (2004), we derive a mass of M = 5 + 2 Mj llp and an ef- 
fective temperature of T e ff — 1250 + 200 K. This would give 
a mass ratio of 0.2 between the GPCC and the young brown 
dwarf 2M1207 with a projected separation of 55 AU. 

4. Conclusions 

We present high contrast observations of the young brown 
dwarf 2MASSWJ 1207334-393254, a probable member of the 
TW Hydrae Association, obtained with adaptive optics and in- 
frared wavefront sensing at the ESO VLT. We discovered a 
faint and extremely red object at ~ 780 mas (55 AU) from 
this source. Photometry and spectroscopy are consistent with 



a spectral type L5-L9.5. For an age of 8+3 Myr, evolution- 
ary models return characteristics within the planetary regime: 
a mass of M = 5+2 Mj up and an effective temperature of 
T e ff = 1250 + 200 K. If confirmed, this object could be the first 
exo-planet companion ever imaged. 
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